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Abstract 
This article focused on the impact analysis of airborne electromechanical products corrosion to the aircraft reliability 
and safety. By discussing the concept of corrosion and fault mechanism of airborne electronic products, it presented 
the definition of corrosion and corrosion behavior of airborne electromechanical product based on the summary of 
aircraft corrosion status and analysis of corrosion products. The physical model and failure rate model for airborne 
electromechanical product were constructed; the feasibility of the corrosion behavior model library of airborne 
equipment was discussed and established. The conclusion was established that the study of degradation research of 
airborne electromechanical products can be conducted in the similar manner as the corrosion behavior research. The 
paper provides a useful reference for the study of the degradation behavior of airborne equipment and filled the blank 
of design requirements of highly reliable and long lifespan aircraft. 
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1. Introduction 
The degradation failure of airborne electromechanical product is very complex, and there are about 
four types of influencing factors: corrosion, fatigue, aging, and accident injury. [1-3] Among these four 
types, the corrosion failure is the main form because of the increasing proportion. The corrosion decreases 
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the stiffness and strength of airborne electromechanical products, results in failure of the products and its 
accessories, and effects the technical parameters of aircraft, poses serious danger to the aviation safety or 
causes potential disaster. [4]U.S. Air Force Logistics Center (ALC) has statistics that about 20% of the 
aviation accidents were caused by the corrosion. [5,6] On May 27, 2000, the crash of China Airlines Boeing 
747 over the South China Sea was caused by the corrosion of the tail. The corrosion on the aircraft is 
often hidden, but its potential impact will not only destroy the foundation upon which airborne 
electromechanical products was depended upon, but also reduce the lifespan of the product, incurring 
heavy burden on maintenance work and costs and resulting heavy economic losses. According to 
statistics, [7] the U.S. Air Force maintenance costs for aircraft corrosion was close to 0.718 billion in 1991 
and over 0.8 billion dollars in 1997. [8] According to U.S. Navy research institutions, naval aircraft 
corrosion maintenance cost was between 20 and 30 billion dollars in 2004, accounted for one third of the 
total maintenance costs of Navy aircraft. Corrosion is the main technical challenge for developing highly 
reliable aircraft and the aviation industry has yet be able to present a good model [9-12]. Therefore further 
research of the aircraft corrosion behavior is in highly demand. The significance of the study of airborne 
electromechanical product’s corrosion behavior not only involves intellectual property, but also improves 
the reliability and safety of large aircraft. 
2. Research status of aircraft corrosion 
In other countries, the study of aircraft corrosion impact is being viewed as highly valuable. Countries 
like the NATO, the SAI, and Russia, have invested a lot of resources both intellectually and materially to 
conduct researches of aircraft corrosion and the United States is on the forefront in this field. The United 
States has gradually established standardization method through revisions and modifications of corrosion-
related documents over decades [7, 13-14], such as: MIL-HDBK-1530B, MILSTD-1568B, MIL-A-872216, 
MIL-A-8860B, MIL-F-7179, MIL-STD-810F, MIL-HDBK-5 and AR 750-59 etc.. The United States 
executes a global strategy and subject, their aircrafts under the harshest environments. Both the U.S. 
military and civil organizations put great efforts to the corrosion research. The technical specifications for 
civil aviation are: JSSG-2006, ACPCP applies to B737-200, 747-200/SP, and MPD applies to B737-
300/400/500, B747-400, B767, B737-600/700/800, B777, and other normal documents. 
In China, our research on the aircraft corrosion began in the period of national “8-5” plan [8]. Some 
standards were established, but mainly based on the U.S standards, such as: GJB/Z138-2004, GJB/Z137-
2004, GJB 2635A-20081. Documents related with Civil Aviation Administration are: CAD90-B747-28, 
CAD90-B737-19, HB7671-2000, FAA directives ORDER 8300 12, ACl21-65 and others. At present, the 
research is still in its early stage because of the relatively weakness in fundamental research area and 
shortage of research funding [15]. The research on aircraft corrosion is hindered by lack of sufficient data 
of airborne equipment and corrosion performance data of various materials; The technical standards 
related to aircraft corrosion still has a long way to go, and complete theoretical system to provide 
technical support to China-made large aircraft has not been established. There is an urgency to study the 
corrosion behavior of airborne electromechanical products. 
3. The corrosion behavior model of airborne electromechanical products 
Corrosion is a spontaneous phenomenon, which can cause performance degradation. Corrosion is a 
natural and inevitable process therefore eliminating corrosion is almost impossible. But progress of 
corrosion or speed of corrosion differs when environment and conditions vary, which provides theoretical 
basis for studying the corrosion behavior of airborne electromechanical products. 
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Corrosion is unpredictable and inevitability in nature. [11, 16-17]The academic community has not been 
able to reach a unified conclusion about accurate definition of corrosion because of the complex nature of 
corrosion phenomenon and root causes. ISO-8044 defines corrosion as "physical-chemical reactions 
between metal and environment, which usually is the electrochemical reaction that changes metal 
properties which result in loss of the original metal property and the common system or environment 
worse." In China, the corrosion is often referred as the deterioration and destruction caused by interaction 
between the metal and the environment.  
The corrosion of airborne electromechanical products can be defined as the deterioration and damage 
of original material property due to the environmental factors during aircraft lifetime. The results are the 
original design standards of airborne electromechanical products can’t be satisfied. Corrosion is a 
spontaneous natural process, here defines the corrosion behavior as the quality of material destruction or 
decline process caused by the chemical, electrochemical or electromagnetic reaction of material under the 
surrounding media. 
3.1. Analysis on corrosion behavior of airborne equipment 
Analyzing the internal cause of corrosion mechanism of the corrosion of airborne equipment, it can be 
categorized into these types: electrochemical corrosion, chemical corrosion, stress corrosion, crevice 
corrosion, pitting corrosion, microbiological corrosion, erosion corrosion, capitation erosion etc.. Among 
them, electrochemical corrosion is the main corrosion mechanism of airborne electromechanical products. 
There are three major systems that can be easily damaged by corrosion of airborne electromechanical 
products on an aircraft. Hydraulic control system (actuator and its accessory), power system (engine and 
its accessory) and airframe structure system. 
Actuator and the surrounding of hydraulic oil tank are polluted by the leakage and overflow of 
hydraulic oil, damaging the protecting layer of actuator components and its related parts and causing 
corrosion to occur. Hydraulic-controlled landing gears are all non-seal parts; its surface is vulnerable to 
the corrosion of air pollution and runway contamination. The support joint of main landing gear is usually 
a torque box which can collect water and cause corrosion to happen. 
The loosening of fastener in engine pod could create gaps and corrosive media infiltrate into gaps 
causing connection fasteners corrosion from the prolonged vibrations. Cable bundles and conduits 
installed inside the pod cantilever can also form narrow spaces with poor drainage and resulting in 
corrosions. 
Harsh environments often cause extensive corrosion damage on the inside surface of airframe, because 
of accumulative moisture, rain water and cargo splash liquid. Various uses openings on the airframe 
created crevice and cavity. Overtime, rain, snow and moisture and contamination entered into the 
openings which are another source of corrosion. Corrosions in these areas are often hard to examine and 
resulted in more severe damages to the aircraft body. 
3.2. The physical Model of Corrosion Behavior 
Based on the analysis of the corrosion mechanism for airborne electromechanical products, the essence 
of corrosion mechanism is a chemical or electrochemical reaction between the aircraft airborne equipment 
material and environmental media. The failure mechanism of the corrosion behavior of airborne 
electromechanical products is mostly the results of electrochemical reaction process [10, 18-20], so we can 
use (1) ~ (3) to represent the basic behavior. 
Anode         M→M+n+ne-  (1) 
Cathode     H++e→H  (2) 
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Or             2H2O+O2+4e-→4(OH)-  (3) 
If not distinguishing between the anode and cathode, the electrolyte reaction can be expressed by (4) 
and (5). 
Dissolution     M+ H2O→MOHa+(1/2)H2  (4) 
Passivation    M+ H2O→MOHs+(1/2)H2  (5) 
Where: MOHa is the substance entering solution after reaction which can be ignored. MOHs is the 
corrosion product from reaction, a passive film which makes dissolution weakened. 
Corrosion amount is the extent of corrosion of airborne electromechanical products, which reflects an 
important index of the corrosion behavior, represented by D. The corrosion levels of airborne 
electromechanical products is related with the speed of these basic reaction, the higher the speed of the 
reaction from (1) to (5), the more severe the corrosion of products, namely the corrosion amount per unit 
time grows; Otherwise, the corrosion amount of airborne electromechanical products will drop. 
The formula (6) can be derived from the famous Faraday first law [20]. The occurrence of corrosion 
behavior of airborne electromechanical products happens overtime.  In other words, we can say: no time 
no corrosion, no corrosion no corrosion amount. 
  (6) 
Where: D is the corrosion amount of airborne electromechanical products. K is a constant. I(t) is the 
corrosion current of airborne electromechanical products produced by electrochemical reactions, 
unit is A. t is the corrosion time, unit is s. 
From (6), we know the corrosion time is a leading factor in the process of the corrosion of airborne 
electromechanical products. If there is no 0 → t process, it will not produce the corrosion amount (D) of 
products and corrosion current (I(t)). Generally speaking, the corrosion current is a function about 
temperature, humidity, stress load, concentration of the corrosion media, etc.. 
0
1 ( )
t
D I t dt
K
= ∫
3.3. The Failure Rate Model of Corrosion Behavior 
Assuming the corrosion failure rate of each airborne electromechanical products component is Pi, i = 
1,2, ..., n, where n is the number of parts and components of each airborne electromechanical products, 
and the largest corrosion failure rate component is its vulnerable area, or the corrosion failure rate Pb 
which plays a key role, using the formula (7) to express. Then, we know the corrosion failure rate Ps of 
airborne electromechanical products can be described by formula (8) based on the vulnerable area theory. 
Pb=max(P1,P2,…,Pi,…Pn)  (7) 
Ps= Pb  (8) 
Where: Ps is the corrosion failure rate of airborne electromechanical products. Pb is the corrosion 
failure rate of the vulnerable area of airborne electromechanical products. Pi is the corrosion failure 
rate of the parts and components of airborne electromechanical products, i=1, 2,…, n. n is the 
number of the parts and components of airborne electromechanical products. 
4. Conclusion 
This paper analyzed the corrosive parts of airborne equipment, presented the definition of corrosion 
and corrosion behavior of airborne electromechanical products through the analysis of the concept of 
corrosion and mechanism, constructed the physical model and failure rate model of airborne 
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electromechanical products, provided a strong foundation for improving the reliability and safety of 
airborne electromechanical products. It also paved the way for the degradation behavior study of airborne 
electromechanical products and satisfied the market demand of China’s large aircraft design industry. 
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